The objective of this study was to measure the effect of substituting different levels of shrimp meal (SM) for soybean meal (SBM) in broiler diets. In Experiment 1, 0, 10, 20, 30, and 40% of the crude protein contributed by the SBM in broiler diets was substituted by crude protein from SM. In Experiment 2, 0, 60, 80, and 100% of the crude protein contributed by SBM in broiler diets was replaced by crude protein from SM. Body weight, cumulative feed consumption, and feed conversion (feed:gain) were determined on a weekly basis for 49 d in Experiment 1 and 42 d in Experiment 2. Mortality was reported daily. Carcass weight and percentage yield were determined on a prechilled basis.
INTRODUCTION
In Latin America, the poultry industry has always encountered the problem of obtaining feed ingredients that are feasible, attainable, and of adequate nutritional quality to support high rates of growth. For this reason, the search for other products or by-products that can substitute for conventional sources of protein (soybean meal, meat meal, and fish meal) are needed. In the last few years, the shrimp industry in Central America (Namely Honduras, Nicaragua, and Costa Rica) has grown significantly. There is a significant amount of waste generated by this industry because of the large percentage of the animal heads, exoskeleton, and soluble components lost during the various processing operations. Shrimp heads comprise approximately 44% of the whole raw shrimp (Meyers and Rutledge, 1971 ). Honduras alone produces approximately 24,000 metric tons of waste annually (ANDAH, 1994) . This waste product from the shrimp processing plants has the potential of being an alternative protein source in broiler rations, partially or totally replacing conventional protein sources. Shrimp meal is basically the dried waste of the shrimp industry, consisting of the heads, hulls (or shells) in some instances, whole shrimp, and a certain percentage of fish that are caught when shrimp are harvested. Shrimp meal has long been used by fish nutritionists in diets to produce desired coloration in trout and salmon. It is not unusual for as much as 15% shrimp meal to be used in pond trout formulations or in the incorporation of shrimp meal into rations for commercially raised fish, shellfish, and other economically valuable animals. Morrison (1959) noted the value of shrimp meal as a satisfactory protein supplement for poultry and swine. In starter and growing rations, shrimp meal can be used as the sole source of protein; however, better growth is obtained when more than one protein source is included (Singletary et al., 1935) . Using shrimp meal at various levels, Damron et al. (1964) , Raab et al. (1971) , Ilian et al. (1985) , and Islam et al. (1994) found no negative effects when used as a feed ingredient in broiler diets. In swine, feeding shrimp meal proved superior to standard tankage as a supplement to corn or to corn and polished rice, regardless of whether they were fed alone with corn, or in combination with cottonseed meal and other protein feeds (Morrison, 1959) . Ewing (1963) found that in rations with single sources of protein, which included cottonseed meal, sun-dried shrimp meal, soybean meal, and meat scraps, machine-dried shrimp meal was the most satisfactory single high-protein source in rations for broilers. To date, very little research has been conducted or data published concerning the use of shrimp meal in broiler rations. The objective of this study was to evaluate the effect of substituting shrimp meal for soybean meal on a percentage protein basis on broiler performance.
MATERIALS AND METHODS
Prior to formulation, a proximate analysis and other analyses were performed on samples of commercially available soybean meal (SBM; solvent-extracted) and shrimp meal (SM; tunnel-dried) in accordance to the Association of Official Analytical Chemists (AOAC, 1990) . 2 An amino acid profile analysis was conducted but results were not available until after the diets were completed. 3 Results are shown in Table 1 . Metabolizable energy values were determined using methodology established by Sibbald (1976) .
Experiment 1
One-day-old straight-run Indian River ® chicks were received from a commercial hatchery 4 and placed in an open-sided naturally ventilated broiler house with a photo-regimen of 24 h light.
One hundred chicks were weighed individually and randomly assigned in each of 15 pens (3 × 4 m) at a density of 8.33 birds per square meter. Five treatments were randomly assigned in blocks. Three replicates or blocks containing each treatment were allocated to the 15 pens in a randomized complete block design. Each pen was heated by an electric brooder and provided with bell waterer and tube feeders. Experimental diets and water was provided for ad libitum consumption. The treatments consisted of substituting 0, 10, 20, 30, and 40% of the crude protein contributed by the SBM in broiler diets with crude protein from SM (Table 2) . Body weight, cumulative feed consumption, and feed conversion (feed:gain) were determined for each pen at 7, 14, 21, 28, 35, 42, and 49 d of age. Deaths were recorded daily. Carcass weight and percentage yield without giblets (WOG) were determined prechill. The WOG was calculated by dividing carcass weight (without the liver, heart, gizzard, and neck) by live weight. A second trial was conducted evaluating the same treatments and procedures.
Experiment 2
One-day-old straight-run Indian River ® chicks were purchased from a commercial hatchery and placed in an open-sided naturally ventilated house with a photoregi-men of 24 h light. Fifty-two chicks were weighed individually and randomly assigned in each of 16 pens (2 × 3 m) at a density of 8.66 birds per square meter. Four treatments were randomly assigned in blocks. Four replicates or blocks containing each treatment were allocated in 16 pens in a randomized complete block design. The treatments consisted of substituting 0, 60, 80, and 100% of the crude protein contributed by the SBM in broiler diets with crude protein from SM (Table 3) . A second trial was conducted evaluating the same treatments and procedures. Parameters measured and procedures were the same as those in Experiment 1 with the exception that the birds in this experiment were only taken to 42 d of age.
Statistical Analysis
Data from each trial were evaluated by ANOVA using General Linear Models (GLM) procedures (SAS Institute, 1991) . Preliminary ANOVA indicated a nonsignificant trial effect; therefore, the data from the two trials from each experiment were pooled. Percentage data were subjected to arc sine square root of the percentage transformation and treatment means separated by the test of least significant difference. A probability of P < 0.05 was required for statements of significance. Table 4 show no significant difference between the different treatments for body weight, feed consumption, and feed conversion. As percentage substitution of dietary protein of SBM with SM increased from 0 to 40%, a range from 2.00 to 12.40% of the diet, no negative effects were observed for broiler performance. These data are in agreement with results found by Damron et al. (1964) and Raab et al. (1971) , who incorporated SM into broiler diets at the levels of 9.1 and 6.8% without finding significant differences in performance. Ilian et al. (1985) used shrimp by-catch meal (a meal that includes shrimp and other species of secondary importance) of levels up to 10% in broiler diets and found no negative effects in broiler performance. No significant differences were observed for mortality when substituting SBM with SM (Table 5 ). No more than 1% of the birds were observed to have had leg problems. When processed at 49 d of age, no significant differences were observed for carcass weight or carcass yield among the different treatments.
RESULTS AND DISCUSSION

Data in
In a second study, the effects of higher levels (0, 60, 80, and 100%) of SM in place of SBM in broiler diets were measured. The percentage in the diet ranged from 11.5 to 31.6%. Body weight was significantly higher (P < 0.05) from 21 to 42 d of age in treatments in which SM replaced 100% SBM (Table 6) . Growth responses to SM were also seen at lower levels of substitution at 21, 28, and 35 d. A reason for this outcome could be the fact that the majority of the crude protein being supplemented by a vegetable source is being replaced with a higher quality protein from an animal source. It is known, in general, that amino acid content and protein quality of animal protein sources tend to be superior than those of vegetable sources. Also, when SBM was used as a protein source, it supplied a major portion of lysine; however, when SM totally replaced the SBM, part of the lysine supplied was in a synthetic form. The synthetic form of amino acids are considered to be more available than forms of amino acids found naturally in the feed ingredients (Green, 1987; Parsons, 1991) . The growth response in Experiment 2 may be due to the somewhat higher lysine levels (Austic, 1994) . Another possible cause of the greater body weight in the 100% SM group is the method used in processing the raw material to SM. The processing method used can directly affect the nutritional value of the meal. The waste collected from the shrimp processing plant was collected on a daily basis and processed within hours of delivery. The raw material contained a good amount of ice that was added at the processing plant. The presence of this ice could have helped preserve the quality of the raw material during storage and reduced the amount of bacterial activity, which can produce a dicarboxylic reaction turning amino acids from animal protein into biogenic amines, resulting in a toxic effect with the possibility of reducing performance and livability in birds (Dale, 1994) . Also, the possibility of an unknown growth factor in shrimp meal should not be overlooked. Another major concern with this type of feed ingredient is the chemical nature of the exoskeleton of the shrimp, which is mainly composed of chitin, an N-acetylated glucosamine polysaccharide that forms part of the protein complex and is considered to have low digestibility when fed to animals (Austin et al., 1981) . The nutritional value of SM depends on the amount of shell, and, thus, chitin, present. When feeding chitin and chitosan to hens and broilers, Hirano et al. (1990) observed that digestibility of the two ingredients ranged from 88 to 98%. This result could lead us to believe that birds may have the capability of digesting chitin because chitinase may be present in the digestive system, thus facilitating the utilization of chitin found in the SM. The high ash or mineral content of the SM can also pose a problem in animal feeding. Calcium carbonate is responsible for the scleratization of the exoskeleton and represents most of the mineral matter. Because of concerns about the high mineral level, SM is usually used in combination with other protein supplements (Meyers and Rutledge, 1971 ). However, mineral content did not have an adverse effect on broiler performance in our study. This particular SM produced a good quality feed ingredient.
No significant differences were observed for feed consumption, feed conversion, mortality, or carcass yield for any of the treatments in both experiments (Table 6 and 7). Carcass weight was significantly higher for 100% substitution of SM for SBM and is undoubtedly the result of the live weight being significantly higher. No differences were found for carcass yield. Results of the present study show that the SM could partially or totally replace the use of SBM in broiler diets without negatively affecting bird performance or carcass quality.
